Background: Maternal essential fatty acid status declines during pregnancy, and as a result, neonatal concentrations of docosahexaenoic acid (DHA, 22:6nϪ3) and arachidonic acid (AA, 20:4nϪ6) may not be optimal. Objective: Our objective was to improve maternal and neonatal fatty acid status by supplementing pregnant women with a combination of ␣-linolenic acid (ALA, 18:3nϪ3) and linoleic acid (LA, 18:2nϪ6), the ultimate dietary precursors of DHA and AA, respectively. Design: From week 14 of gestation until delivery, pregnant women consumed daily 25 g margarine supplying either 2.8 g ALA ϩ 9.0 g LA (n ϭ 29) or 10.9 g LA (n ϭ 29). Venous blood was collected for plasma phospholipid fatty acid analyses at weeks 14, 26, and 36 of pregnancy, at delivery, and at 32 wk postpartum. Umbilical cord blood and vascular tissue samples were collected to study neonatal fatty acid status also. Pregnancy outcome variables were assessed. Results: ALAϩLA supplementation did not prevent decreases in maternal DHA and AA concentrations during pregnancy and, compared with LA supplementation, did not increase maternal and neonatal DHA concentrations but significantly increased eicosapentaenoic acid (20:5nϪ3) and docosapentaenoic acid (22:5nϪ3) concentrations. In addition, ALAϩLA supplementation lowered neonatal AA status. No significant differences in pregnancy outcome variables were found. Conclusions: Maternal ALAϩLA supplementation did not promote neonatal DHAϩAA status. The lower concentrations of Osbond acid (22:5nϪ6) in maternal plasma phospholipids and umbilical arterial wall phospholipids with ALAϩLA supplementation than with LA supplementation suggest only that functional DHA status improves with ALAϩLA supplementation.
INTRODUCTION
It is well known that the essential fatty acid (EFA) status and long-chain polyene (LCP) status of pregnant women decrease during pregnancy (1) . This particularly applies to arachidonic acid (AA, 20:4nϪ6) and docosahexaenoic acid (DHA, 22:6nϪ3), the major LCPs derived from linoleic acid (LA, 18:2nϪ6) and ␣-linolenic acid (ALA, 18:3nϪ3), respectively. Because the developing fetus depends on its mother for LCP accretion (2, 3) , neonatal LCP status may not be optimal under present dietary conditions (1, 4) .
AA and DHA are important building blocks in all cell membranes and are present in high concentrations in neural and retinal tissues (5) (6) (7) . Infants born preterm often experience neurodevelopmental problems (8, 9) , and although a causal relation with their low LCP status at birth has not been ascertained, such an association is suggested by the results of postnatal intervention studies, which generally show that early LCP supplementation improves neuro-mental development, at least temporarily (10) (11) (12) . In term neonates, who have a higher LCP status than do preterm infants (13) , LCP supplementation has also been shown to improve neuro-mental development, although the results are less convincing than for preterm infants (14) (15) (16) (17) (18) .
The central nervous system of a fetus undergoes a growth spurt in the last trimester of pregnancy. Therefore, adequate prenatal LCP availability can be considered of key importance for optimal brain development and function. This view is supported by the recent findings of Bakker (19) , who showed that certain measures of brain maturation at 7 y of age are positively related to neonatal DHA status at birth.
Maternal supplementation with fish oil has been used successfully to increase fetal DHA availability and neonatal DHA status. However, increasing the DHA status of pregnant women with fish oil lowers AA concentrations in their infants (20, 21) . Because AA is the second most abundant LCP in neural tissue (22) , this may not be desirable. Although endogenous DHA synthesis from dietary ALA is limited in humans (23) (24) (25) (26) , evidence suggests that this synthesis may increase during pregnancy (27) . Moreover, ALA supplementation has been shown to result in the accretion of ALA-derived DHA in the brains of baboon fetuses (28) . Therefore, dietary ALA may be an effective alternative to fish oil for use in increasing maternal and neonatal DHA status. Because Al et al (29) showed that neonatal nϪ6 LCP status can be increased by supplementation with LA during pregnancy, the aim of the present study was to increase the availability of maternal DHA and AA for fetal accretion by supplementation of pregnant women with a margarine containing relatively high amounts of ALA and LA, the ultimate dietary precursors of DHA and AA, respectively.
SUBJECTS AND METHODS

Experimental design
The study was a double-blind, randomized, controlled dietary intervention trial in pregnant women who were randomly assigned to receive daily Ն25 g of either an ALA-enriched, high-LA margarine (experimental group) or a high-LA margarine without ALA (control group) from week 14 of pregnancy until delivery. During pregnancy, the subjects were visited at their homes every 3 wk so that they could be provided with the margarines, fill out questionnaires, or have blood collected (at weeks 14, 26, and 36 of pregnancy). Immediately on delivery, another maternal blood sample was collected, together with a blood sample from the umbilical vein and a piece of the umbilical cord. Finally, a maternal blood sample was drawn 32 wk after delivery. From the blood and tissue samples collected, phospholipid fatty acid profiles were determined by gas chromatography for investigation of the effect of the intervention on the EFA and LCP status of the mothers during pregnancy and at 32 wk after delivery and of the neonates at birth.
Subjects
The pregnant subjects were recruited by midwives in the region around Maastricht, Heerlen, and Sittard in the southeastern part of the Netherlands and by the Departments of Obstetrics and Gynecology of hospitals in the same area (University Hospital Maastricht, Atrium Medical Center in Heerlen, and Maasland Hospital in Sittard). The selection criteria for study entry were as follows: white origin; a gestational age Ͻ14 wk; normal health, ie, not suffering from any hypertensive, metabolic, cardiovascular, renal, psychiatric, or neurologic disorder; and fish consumption Ͻ2 times/wk.
Earlier studies by our group showed average plasma phospholipid DHA concentrations of 4.07% and 3.80% by wt at weeks 14 and 36 of pregnancy, respectively (30) . Because the decrease in DHA concentration between weeks 14 and 36 of pregnancy was 0.27% by wt, and because we aimed at preventing this decrease by ALA supplementation, the target for the difference in DHA concentration between the experimental group and the control group at 36 wk of pregnancy was set at 0.27% by wt. At the SD of our DHA measurement (0.34% by wt) and a power of 90% (at ␣ ϭ 0.05), the number of subjects needed in each group was calculated to be 27. However, the women were oversampled because of expected withdrawals and dropouts during the study. A total of 79 women enrolled in the study, which was approved by the Medical Ethics Committees of the University Hospital Maastricht and Maasland Hospital in Sittard. Written informed consent was obtained from all participants.
Supplements
The margarines, which were provided by Unilever Research and Development (Vlaardingen, Netherlands), contained 79.5% fat, and the remainder consisted of water (20%), vitamins (0.04%), flavor (0.04%), lecithin (0.3%), and butylated hydroxytoluene (0.12%). The fatty acid compositions of the margarines, which were determined after lipid extraction by gas chromatographic analysis, are shown in Table 1 . In the margarine given to the experimental group, LA and ALA constituted 45.4% and 14.2% of total fatty acids, respectively; thus, with the requested intake of 25 g margarine/d, the subjects in the experimental group consumed 9.02 g LA/d and 2.82 g ALA/d. This amount of margarine was about equal to the subjects' habitual margarine or butter intake (24.9 g) as measured by using food-frequency questionnaires (FFQs). In the margarine given to the control group, LA and ALA constituted 55.02% and 0.17% of total fatty acids, respectively; thus, with the requested intake of 25 g margarine/d, the subjects in the control group consumed 10.94 g LA/d and 0.03 g ALA/d.
The composition of the ALA-containing margarine was based on calculations that daily consumption of 25 g of this margarine would result in a ratio of nϪ3 to nϪ6 fatty acids of 1:5 in the total diet of the experimental group. The choice of this ratio was based on guidelines for polyunsaturated fatty acid intake issued by various international authorities; these guidelines state that for optimum benefit, the ratio of nϪ3 to nϪ6 fatty acids should be between 1:4 and 1:10, preferably Ϸ1:5 (31-33).
Every 3 wk the volunteers received 3 tubs each containing 250 g margarine. The leftovers were collected and weighed to estimate total consumption. The subjects were instructed to consume the margarines primarily on bread. If their consumption was lower than the required 25 g/d, the subjects were advised to put the margarine on top of potatoes or pasta (in place of the habitual sauce). The subjects were not allowed to use the margarine for baking because of possible adverse effects on the polyunsaturated fatty acid content of the margarines. The subjects were allowed to maintain their usual diets during the entire course of the study, with the exception of the use of butter or their usual brand of margarine, which were to be replaced by the experimental or control margarines. 
Questionnaires
Assessment of dietary fat intake
Because dietary intake can influence the plasma fatty acid profile, the subjects' fat intake was measured by using a well-validated, prestructured FFQ (3). This FFQ was especially designed to collect data on fat consumption. Frequency of consumption had to be recorded, and amounts eaten had to be indicated in household units or grams.
Whether fat intake changed during pregnancy was monitored by having the women complete this FFQ at weeks 14 and 36 of pregnancy. After the FFQs were returned, they were checked by an experienced dietitian and, if required, were corrected after a telephone interview. The food consumption data were converted into dietary intake data, including fatty acid intake data, by using the computer program KOMEET (34) . This program is based on the database of the Dutch Nutrient Databank (35) .
Other questionnaires
At the start of the study (week 14), the subjects filled out an additional questionnaire, which included items about age, prepregnancy weight, height of the mother, height and weight of the father, smoking habits, education, the use of supplements, and medical history, including former pregnancies and medical treatments. Education was scored on an 8-point scale, ranging from primary education to higher vocational training and university education (36) . After delivery, the subjects completed a medical questionnaire about the course of the current pregnancy, blood transfusion, gestational age at delivery, course of parturition, sex of the newborn, birth weight, and Apgar score.
Fatty acid analysis
Plasma was separated from blood cells by centrifugation (0.2688 ϫ g, 10 min, 4°C) and collected in tubes, which were closed under nitrogen and stored at Ϫ80°C until fatty acid analysis. From the pieces of umbilical cords, umbilical arteries and veins were isolated. The vein and both arteries from each umbilical cord were frozen in liquid nitrogen, pulverized, and freeze-dried before lipid extraction (see below).
Fatty acid profiles of phospholipids isolated from maternal venous plasma, umbilical venous plasma, and umbilical venous and arterial vessel walls were determined as previously described by Al et al (1) and Otto et al (37) . Briefly, after addition of an internal standard (1,2-dinonadecanoyl-sn-glycero-3-phosphocholine), plasma or tissue total lipid extracts were prepared by a modified Folch extraction method (38) , and phospholipid fractions were isolated from the lipid extracts by using aminopropyl (500 mg/4.0 mL) Extract-Clean columns (Alltech, Breda, Netherlands) (39) . Heptadecanoic acid (17:1) was added to the samples so that any carryover of free fatty acids during the isolation of phospholipids could be detected. The phospholipid fractions were hydrolyzed, and the fatty acids were methylated with boron trifluoride in methanol (40) . The fatty acid composition of the phospholipids was then determined by using capillary gas chromatography with a WCOT fused silica CP-SIL 88 fame column (50 m ϫ 0.25 mm inside diameter, film thickness of 0.2 m; Varian, Bergen op Zoom, Netherlands) and helium as the carrier gas. The injection and detection temperatures were 300°C. The starting temperature of the column was 160°C. After 10 min, the temperature was increased 3.2°C/min up to 190°C and then kept constant for 15 min. Finally, the temperature was increased up to 230°C at a rate of 5°C/min.
Total amounts of phospholipid-associated fatty acids are expressed as mg/L plasma or mg/kg tissue, and relative fatty acid concentrations are expressed as percentages of the total amount of phospholipid-associated fatty acids (% by wt). Forty-two fatty acids were identified, but only the following selection will be reported (full results available on request): LA, dihomo-␥-linolenic acid (20:3nϪ6), AA, adrenic acid (22:4nϪ6), Osbond acid (ObA, 22:5nϪ6), ALA, eicosapentaenoic acid (EPA, 20:5nϪ3), docosapentaenoic acid (DPA, 22:5nϪ3), and DHA. In addition, the following fatty acid combinations and ratios are presented: sum of saturated fatty acids, sum of monounsaturated fatty acids, sum of nϪ7 fatty acids, sum of nϪ9 fatty acids, total amount of LCPs of the nϪ3 and nϪ6 families (nϪ3 LCPs and nϪ6 LCPs; LCPs were defined as fatty acids with Ն20 carbon atoms and Ն3 double bonds), EFA status index [(sum nϪ3 fatty acids ϩ sum nϪ6 fatty acids)/(sum nϪ7 fatty acids ϩ sum nϪ9 fatty acids)], DHA deficiency index (DHADI, 22:5nϪ6/22:4nϪ6), and DHA sufficiency index (DHASI, 22:6nϪ3/22:5nϪ6).
Statistics
The various statistical techniques used to evaluate the data are detailed in the Results. The statistical package SPSS 10.0 (SPSS Inc, Chicago) was used to perform the statistical analyses, and data are presented as means Ϯ SDs. In this study, 3 fatty acids were of primary interest: DHA, AA, and ObA. The latter fatty acid is generally accepted as the deficiency indicator of DHA, because ObA synthesis increases if there is a functional DHA shortage (41) . These fatty acids of primary interest were studied separately from the other fatty acids and fatty acid combinations. For these principal fatty acids, the P value required for significance was set at Ͻ0.05. Analyses of the data for the other fatty acids required adaptation of this P value to P Ͻ 0.01 because of multiple testing.
RESULTS
Subjects
A total of 79 pregnant women enrolled in the study. However, 21 women were not followed up completely: 3 subjects (2 in the experimental group and 1 in the control group) had a premature delivery (before week 36 of gestation), 4 subjects (1 in the control group and 3 in the experimental group) were not motivated to complete the study because they considered it too time consuming, and 3 subjects (1 in the control group and 2 in the experimental group) were excluded for noncompliance. Two women (both in the control group) dropped out because they did not like the margarine, and 2 subjects (1 in each group) withdrew because they experienced too much morning sickness. One subject in the control group had to be removed from the study because of a stillbirth, and 1 woman in the control group was removed because she developed diabetes mellitus gravidae. Two women (1 in each group) were lost to follow-up because of long-term hospitalization during the study, 1 woman in the experimental group was lost because of a lengthy stay abroad, and 2 subjects (1 in each group) were lost because of insufficient blood samples for analysis. A total of 58 women (29 in each group) completed the study until delivery.
During the period after delivery, 2 subjects in the experimental group dropped out: 1 subject could not be reached in time because she moved away from the research area, and 1 subject withdrew because of postpartum depression. All the remaining mothers had uncomplicated pregnancies and delivered full-term, singleton newborns.
Maternal characteristics
Maternal characteristics are shown in Table 2 . Comparisons between the groups were performed by using either the unpaired t test or the Mann-Whitney U test for continuous variables and the chi-square test for discrete variables. Except for the number of breastfeeding mothers, no significant differences between the groups were observed.
Significantly more mothers in the experimental group than in the control group breastfed their infants (P ϭ 0.020, chi-square test). The mean duration of breastfeeding by the lactating mothers did not differ significantly between the 2 groups, although a tendency was observed for a longer duration of breastfeeding in the experimental group (P ϭ 0.095, unpaired t test).
Maternal dietary fatty acid intake
Daily margarine consumption was 27.4 Ϯ 3.2 g in the control group and 27.8 Ϯ 3.3 g in the experimental group. The difference between the 2 groups was not significant (unpaired t test). Dietary fatty acid intakes measured by using an FFQ in weeks 14 and 36 of pregnancy are shown in Table 3 . At week 14, the differences between the 2 groups were not significant (Mann-Whitney U test). The same holds true for week 36, with the exception of the ALA intake, which was significantly higher in the experimental group than in the control group (P Ͻ 0.001, Mann-Whitney U test)
During the intervention period, the total intake of polyunsaturated fatty acids and the intake of LA increased significantly in both groups, whereas total fat intake increased significantly only in the experimental group (Wilcoxon's signed-ranks test). The increase in LA intake was significantly higher in the control group than in the experimental group (Mann-Whitney U test). ALA intake increased significantly in the experimental group and decreased significantly in the control group (Wilcoxon's signedranks test), which made the difference in response between the groups significant also (Mann-Whitney U test).
The subjects in the experimental group had higher DHA consumption at week 14 of pregnancy than did those in the control group, and this difference showed a trend for significance (P ϭ 0.074, Mann-Whitney U test). The changes in DHA and EPA intakes during pregnancy did not differ significantly between the 2 groups (Mann-Whitney U test). However, the decreases in DHA and EPA intakes in the experimental group showed a trend for significance (P ϭ 0.051 and 0.076, respectively).
Maternal plasma phospholipid fatty acids
To analyze the potential differences between the control group and the experimental group in maternal fatty acid concentrations in plasma phospholipids during pregnancy (weeks , the general linear model for repeated measures was used with correction for fatty acid concentrations at the start of the study (week 14), smoking (42) , and parity (43) . The between-subjects factor had 2 levels (control group and experimental group), whereas the within-subjects factor, time, had 3 levels (week 26, week 36, and partus, which was set at week 40) . Missing values during pregnancy were imputed by using missing value analyses. Only one missing value per subject was allowed.
Mean total amounts of phospholipid-associated fatty acids 3 Significantly different from the control group, P ϭ 0.020 (chi-square test). 5, 6 Significantly different from the control group after correction for gestational age, P ϭ 0.043 (one-way ANOVA).
5 Maximum within 10 min.
did not differ significantly between the 2 groups. Therefore, only the relative fatty acid concentrations (% by wt) are reported in Table 4 . Compared with consumption of the control margarine, consumption of the experimental margarine resulted in significantly higher ALA concentrations (P Ͻ 0.001). In both groups, DHA concentrations decreased significantly during the intervention period (P ϭ 0.028). Because these decreases were not significantly different between the groups, the overall DHA concentrations were not significantly different between the groups. Changes in the same direction were observed for AA, although these were not significant. ObA concentrations increased significantly during pregnancy (P ϭ 0.026). However, overall ObA concentrations were significantly lower in the experimental group than in the control group (P ϭ 0.002).
Adrenic acid concentrations were significantly lower in the experimental group than in the control group (P Ͻ 0.001), whereas EPA and DPA concentrations were significantly higher (P ϭ 0.003 and 0.001, respectively). Differences between the groups during pregnancy in the other fatty acids and fatty acid combinations listed in Table 4 were not significant, although the lower dihomo-␥-linolenic acid concentrations, lower total nϪ6 LCP concentrations, and higher DHASI values in the experimental group than in the control group had a probability Ͼ95% (P required for significance Ͻ 0.01).
Univariate analysis of variance with group as the betweensubjects factor (control group and experimental group) and with maternal fatty acid concentration at the start of the study (week 14), smoking, parity, and duration of breastfeeding (27) as covariables was used to investigate potential differences in maternal plasma fatty acid concentrations between the 2 groups at 32 wk after delivery (week 72). At this point in time, only ALA concentrations were still significantly different between the 2 groups, with higher concentrations in the experimental group than in the control group (P ϭ 0.004).
Neonatal fatty acids
Mean total amounts of phospholipid-associated fatty acids in umbilical plasma phospholipids and in phospholipids from umbilical vessel walls (both venous and arterial) did not differ significantly between the 2 groups (unpaired t tests). Therefore, only the relative amounts of fatty acids (% by wt) are reported in Table 5 . The differences in neonatal fatty acid concentrations between the 2 groups were analyzed by univariate analysis of variance with correction for gestational age, parity, maternal smoking, and maternal fatty acid concentrations at the start of the study (week 14) if necessary after log transformation to ascertain normality.
Umbilical venous plasma
Umbilical venous plasma samples were available for 26 newborns in the control group and 28 newborns in the experimental group (Table 5) . No significant difference in umbilical plasma DHA concentrations in phospholipids was found between the 2 groups. In contrast, the AA concentrations were significantly lower in the experimental group than in the control group (P ϭ 0.004). After log transformation and correction for potential confounders, ObA concentrations did not differ significantly between the 2 groups (P ϭ 0.095).
The average EPA concentration in the experimental group was 2 times that in the control group (P Ͻ 0.001), whereas total nϪ6 LCP concentrations were significantly lower in the experimental group than in the control group (P ϭ 0.004). Values for other fatty acids and fatty acid combinations were not significantly different between the 2 groups.
Umbilical vein walls
From each group, 28 samples of umbilical veins and 28 samples of umbilical arteries were available for analysis. Results are shown in Table 5 . After correction for potential confounders, neither DHA (P ϭ 0.183) nor ObA (P ϭ 0.085) concentrations differed significantly between the 2 groups. AA concentrations also did not differ significantly between the 2 groups.
DPA concentrations were significantly higher in the experimental group than in the control group (P Ͻ 0.001). There were trends for higher DHASI and nϪ3 LCP values (P ϭ 0.023 and 0.038, respectively) and lower DHADI values (P ϭ 0.034) in the experimental group than in the control group. Other fatty acids and fatty acid combinations were not significantly different between the 2 groups. 1 x Ϯ SD. LA, linoleic acid; DGLA, dihomo-␥-linolenic acid; AA, arachidonic acid; AdrA, adrenic acid; ObA, Osbond acid; LCPs, long-chain polyenes (fatty acids with Ն20 carbon atoms and Ն3 double bonds); ALA, ␣-linolenic acid; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid; FAs, fatty acids; EFA index, essential fatty acid index [(sum of nϪ3 FAs ϩ sum of nϪ6 FAs)/(sum of nϪ7 FAs ϩ sum of nϪ9 FAs)]; SFAs, sum of saturated fatty acids; PUFAs, sum of polyunsaturated fatty acids; MUFAs, sum of monounsaturated fatty acids; DHADI, DHA deficiency index (22:5nϪ6/22:4nϪ6); DHASI, DHA sufficiency index (22:6nϪ3/22:5nϪ6). No significant time by group interactions were found.
2 Control group/experimental group. 3, 7 Significant change over time during pregnancy (weeks 14 -40) (general linear model for repeated measures with correction for several potential confounders):
3 P Ͻ 0.01, 7 P Ͻ 0.05. 4 -6 Significant difference between the 2 groups during pregnancy (weeks 14 -40) (general linear model for repeated measures with correction for several potential confounders):
4 P Ͻ 0.05, 5 P Ͻ 0.001, 6 P Ͻ 0.01. 8 Significantly different from C, P Ͻ 0.01 (univariate ANOVA). 1 x Ϯ SD. LA, linoleic acid; DGLA, dihomo-␥-linolenic acid; AA, arachidonic acid; AdrA, adrenic acid; ObA, Osband acid; LCPs, long-chain polyenes (fatty acids with Ն20 carbon atoms and Ն3 double bonds); ALA, ␣-linolenic acid; EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid; FAs, fatty acids; EFA index, essential fatty acid index [(sum of nϪ3 FAs ϩ sum of nϪ6 FAs)/(sum of nϪ7 FAs ϩ sum of nϪ9 FAs)]; SFAs, sum of saturated fatty acids; PUFAs, sum of polyunsaturated fatty acids; MUFAs, sum of monounsaturated fatty acids; DHADI, DHA deficiency index (22:5nϪ6/22:4nϪ6); DHASI, DHA sufficiency index (22:6nϪ3/22:5 nϪ6); ND, not reliably detectable (concentrations Յ0.05% by wt). GLM was used to evaluate the arteriovenous differences (data not shown). Significant within-subjects effects (venous wall and arterial wall) were found for total FAs, LA, ObA, sum of nϪ9 FAs, MUFAs, DHADI, and DHASI, whereas significant between-subjects effects (control group and experimental group) were found for ObA, DPA, DHADI, and DHASI. No significant interaction effects were found.
2 Control group/experimental group. [3] [4] [5] Significantly different from C [univariate ANOVA with correction for gestational age, parity, maternal smoking, and maternal fatty acid concentrations at the start of the study (week 14)]:
3 P Ͻ 0.05, 4 P Ͻ 0.01, 5 P Ͻ 0.001.
Umbilical arterial walls
After correction for potential confounders, phospholipid ObA concentrations in the experimental group were significantly lower than those in the control group (P ϭ 0.037). The differences in DHA and AA concentrations between the 2 groups were not significant. DPA concentrations were significantly higher in the experimental group than in the control group (P Ͻ 0.001). Differences between the 2 groups in the other fatty acids and fatty acid combinations were not significant (Table 5) .
Arteriovenous differences
As shown by the general linear model, significant withinsubjects effects for arteriovenous differences in many of the fatty acids listed in Table 5 (total fatty acids, LA, ObA, sum of nϪ9 fatty acids, monounsaturated fatty acids, and DHADI) were found (data not shown), whereas the group ϫ arteriovenous interactions were not significant. Consequently, the arteriovenous differences in the experimental group were not significantly different from those in the control group. However, significant between-subjects (control group and experimental group) effects were found for ObA, DPA, DHADI, and DHASI, which indicated that the average amount of phospholipid fatty acids in arterial and venous vessel walls was lower for DPA and DHASI and higher for ObA and DHADI in the control group than in the experimental group.
Neonatal outcome variables
With the use of one-way analysis of variance, the newborns in the experimental group had a significantly higher mean birth weight than did those in the control group (P ϭ 0.043; Table  2 ). Mean pregnancy duration was 4.5 d longer in the experimental group than in the control group (Table 2 ). This difference tended to be significant as well (P ϭ 0.091, KruskalWallis test). No significant differences between the groups in Apgar score (P Ͼ 0.05, Mann-Whitney U test) or sex (P Ͼ 0.05, chi-square test) were observed.
DISCUSSION
It is known from longitudinal studies that under present dietary conditions, relative AA and DHA concentrations in maternal plasma phospholipids decrease during the second and third trimester of pregnancy (1, 37, 44, 45) . Supplementation with a combination of nϪ6 and nϪ3 fatty acids was suggested as being required for optimal fatty acid status (46) . Although endogenous DHA production from dietary ALA is known to be low (23-26), Otto et al (27) obtained some indications that LCP synthesis from EFA precursors may be enhanced during pregnancy. Therefore, in the present study, margarine high in ALA and LA was tested for its efficacy in increasing maternal and neonatal DHA concentrations without reducing AA concentrations. Some neonatal outcome variables were also measured in this study. Some of the results obtained require special attention and are discussed here.
Maternal dietary fat intake
Analysis of the FFQs used in the present study showed that the participants' total fat intake increased during pregnancy, although this increment was significant for the experimental group only, and the difference in intake between the 2 groups was not significant. Using the same FFQ, Al et al (3) did not observe a change in habitual fat consumption during the second and third trimesters of pregnancy. Therefore, the difference that we observed probably resulted from the study regimen. This was confirmed by an analysis of the items in the FFQs, which showed a rather frequent habitual use of light margarines at week 14, which were replaced in the study by the full-fat experimental and control intervention products. The higher fat intake provided about 108 kcal (0.026 MJ)/d. This partly satisfied the recommendation for higher energy intake during pregnancy (47) .
Maternal plasma fatty acid concentrations during pregnancy
In the present study, supplementation with margarines rich in ALAϩLA or in LA only did not prevent the well-known reductions in DHA and AA concentrations during the second and third trimesters of pregnancy (Table 4 ). In addition, plasma DHA concentrations after supplementation with the ALAϩLA-rich margarine were not significantly higher than those after supplementation with a comparable margarine without ALA. Although the possibility that a higher ALA dose may increase plasma DHA concentrations cannot be excluded, this seems rather unlikely because Francois et al (48) showed that even an ALA dosage of 10.7 g/d does not increase plasma DHA concentrations in lactating women. Interestingly, the lower ObA concentrations in the experimental group of our study than in the control group indicate that functional DHA status may have been slightly higher with ALA supplementation, because ObA is generally accepted as a functional shortage marker for DHA (41) . This suggests that any additional DHA that may have been produced from the supplemented ALA was transferred directly to certain (fetal) target tissues and, therefore, did not increase the DHA concentration of maternal plasma phospholipids.
Maternal fatty acids 32 wk postpartum
In the present study, the effect of ALA supplementation during pregnancy on maternal plasma fatty acid concentrations was also studied in blood collected 32 wk postpartum. The choice of this time was made on the basis of an earlier study by Otto et al (27) , which showed that maternal EFA and LCP concentrations return to prepregnancy values 32 wk postpartum, irrespective of whether or not the mother breastfeeds. We confirmed that the concentrations of most fatty acids at 32 wk postpartum were either equal to or higher than the corresponding concentrations during early pregnancy. Moreover, the concentrations were not significantly different between the 2 groups. The only exception was ALA, which was still higher in the experimental group. Although this may indicate a longterm effect of the dietary intervention, a difference due to selection bias cannot be ruled out.
Neonatal phospholipid fatty acids
The significantly lower ObA concentrations in umbilical arterial vessel walls in the experimental group than in the control group suggests a higher functional DHA status in infants of ALA-supplemented mothers, although DHA concentrations themselves were not significantly higher in the exper-imental group. This suggestion is supported by the significantly higher DHASI values and significantly lower DHADI values in umbilical venous wall phospholipids in the neonates in the experimental group. Moreover, maternal ALA supplementation during pregnancy resulted in significantly higher neonatal concentrations of EPA (plasma only) and DPA (umbilical vessel walls) than did supplementation with LA without ALA. Maternal ALA supplementation during pregnancy was also associated with lower neonatal AA concentrations and lower neonatal total concentrations of nϪ6 LCPs (significant in plasma only). These results show that maternal ALA consumption during pregnancy hardly increases neonatal DHA status and does not prevent a reduction in nϪ6 LCPs. This reduction in nϪ6 LCPs during pregnancy was also not prevented by fish-oil supplementation during pregnancy (20, 21) .
Neonatal outcome variables
High birth weight has been associated with a low risk of development of adult heart disease, type 2 diabetes mellitus, and related risk factors such as hypertension and dyslipidemia (49) (50) (51) (52) . Consequently, in the present study, the significantly higher birth weight of the neonates born to ALA-supplemented mothers than of those born to mothers supplemented with LA only may be relevant indeed. Therefore, we performed a post hoc stepwise multiple regression analysis to detect possible confounding variables. On the basis of the literature, gestational age, alcohol consumption, neonatal sex, maternal prepregnancy weight, maternal height, height and weight of the father, smoking, and drug usage during pregnancy were included in the model. Gestational age, maternal prepregnancy weight, smoking, and height of the father contributed significantly to the model (P Ͻ 0.05), and after correction for these possible confounders, no significant difference in birth weight remained between the experimental group and the control group.
Conclusion
Supplementation with ALAϩLA during pregnancy does not prevent a decrease in maternal LCPs during pregnancy, whereas the small improvement in neonatal DHA status is accompanied by a reduction in neonatal nϪ6 LCP status. Because supplementation with DHA is more efficient than is supplementation with ALA in promoting DHA status (53), we suggest that a mixture of DHA and AA may be a more efficient option to optimize maternal and neonatal LCP status.
